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ABSTRACT

A i r  P o l l u t i o n : Household Soi l ing and Consumer Welfare Losses

Wil l iam D. Watson

John A. Jaksch

Th is  paper  uses  demand and  supp ly  func t ions  fo r  c lean l iness  to  es t imate

h o u s e h o l d  b e n e f i t s  f r o m  r e d u c e d  p a r t i c u l a t e  m a t t e r  s o i l i n g .  A  d e m a n d

curve  fo r  househo ld  c lean l iness  i s  es t imated ,  based .  upon  the  assumpt ion

t h a t  h o u s e h o l d s  p r e f e r  m o r e  c l e a n l i n e s s  t o  l e s s . E m p i r i c a l  c o e f f i c i e n t s ,

r e l a t e d  t o  p a r t i c u l a t e  p o l l u t i o n  l e v e l s ,  f o r  s,hifting t h e  c l e a n l i n e s s

supp ly  curve , a r e  t a k e n  f r o m  a v a i l a b l e  s t u d i e s . Consumer wel fare gains,

a g g r e g a t e d  a c r o s s  123  SMSA’s, f rom ach iev ing  the  Federa l  p r imary

p a r t i c u l a t e  s t a n d a r d , a r e  e s t i m a t e d  t o  r a n g e  f r o m  $.9 t o  $ 3 . 2  m i l l i o n  p e r

y e a r  (1971 d o l l a r s ) .
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A i r  P o l l u t i o n : Household Soilinq and Consumer Welfare Losses

by

Wil l iam D. Watson and John A. Jaksch

I n t r o d u c t i o n

Passage o f  the  C lean  A i r  Ac t  o f  1970  has  b rough t  abou t  a subs tan t ia l  reduc t ion

i n  t h e  e m i s s i o n s  o f  p a r t i c u l a t e  m a t t e r  f r o m  f u e l  c o m b u s t i o n  a n d  i n d u s t r i a l

processes. C o n t r o l  o f  t h e s e  e m i s s i o n s  h a s  b e e n  c o s t l y .  W h i l e  t h e r e  i s

e v i d e n c e  t h a t  s o c i e t a l b e n e f i t s - - such as- improvements to human health, reduced

crop damage, c l e a n e r  h o u s e h o l d s - - h a v e  a c c r u e d  as a result  of t h e  A c t ’ s

p a s s a g e ,  o n e  m a y  l e g i t i m a t e l y  a s k  i f  t h e  c o s t s  o f  c o m p l y i n g  w i t h  t h e  A c t

e x c e e d  t h e  b e n e f i t s . ’ T h i s  i s  a  p r o g r e s s i v e l y  m o r e  u r g e n t  q u e s t i o n  a t  b o t h

n a t i o n a l  a n d  l o c a l  l e v e l s  a s  o n e  c o n s i d e r s  t h e  e n e r g y  c r i s i s ,  i n f l a t i o n ,  a n d

the  inc reas ing ly  h igh  cos ts  o f  meet ing  government  mandated  regu la t ions .

Th is  paper  focuses  on  deve lop ing  a ra t i ona le  and  mode l  fo r  economica l l y

q u a n t i f y i n g  s o c i e t a l  b e n e f i t s  f r o m  c o n t r o l  o f  p a r t i c u l a t e  e m i s s i o n s  a s

r e f l e c t e d  i n  i n c r e a s e d  h o u s e h o l d  c l e a n l i n e s s . The methodology is designed to

a d d r e s s  t h e  f o l l o w i n g  q u e s t i o n s : ( 1 )  W h a t  i s  a l o g i c a l l y  c o n s i s t e n t  m e t h o d

f o r  c a l c u l a t i n g  gains i n  h o u s e h o l d  w e l f a r e  d u e  t o  i n c r e a s e d  c l e a n l i n e s s  f r o m

r e d u c e d  p a r t i c u l a t e  a i r  p o l l u t i o n ? (2 )  3y how much  a re  househo lds  l i ke ly  to

benef i t  as Federa l  p r imary  and  secondary  ‘ s tandards  fo r  par t i cu la te  mat te r  a re

ach ieved? (3 )  How migh t  these  es t imated  ga ins i n  s o c i e t a l  b e n e f i t s  a f f e c t

p a r t i c u l a t e  c o n t r o l  p o l i c i e s ?

T h i s  p a p e r  d o e s  n o t  r e p r e s e n t  t h e  f i r s t  a t t e m p t  a t  q u a n t i f y i n g  t h e  e f f e c t  o f

particulate  m a t t e r  o n  h o u s e h o l d  c l e a n l i n e s s  a n d  w e l f a r e . ’ However, the

approach descr ibed in the paper recognizes and overcomes two major



2

s h o r t c o m i n g s  i n h e r e n t  i n  t h e  p r e v i o u s  w o r k s . F i rs t ,  ou r  approach  compensa tes

f o r  a t t i t u d e s  t o w a r d  c l e a n l i n e s s . W i t h  t h e  e x c e p t i o n  o f  Ridker’s  s t u d y  by],

n o n e  o f  the. p r e v i o u s  s t u d i ’ e s  a t t e m p t e d  t o  c o r r e c t  f o r  a t t i t u d e s  t o w a r d

c l e a n l i n e s s . T a s t e s  f o r  c l e a n l i n e s s  c a n  a f f e c t  h o u s e k e e p i n g  b e h a v i o r .

Met i cu lous  househo lds  may  c lean  more  f requen t l y  and  reac t  more  s t rong ly  to

p o l l u t i o n  t h a n  l a c k a d a i s i c a l  h o u s e h o l d s ,  c e t e r i s  p a r i b u s .  T h i s  a n a l y s i s

c l a s s i f i e s  h o u s e h o l d s  a c c o r d i n g  t o  p r e f e r e n c e s  o n  c l e a n l i n e s s  a n d  u s e s  t h e

in fo rmat ion  to  es t imate  c lean ing  f requenc ies  and  househo ld  c lean ing  cos t .

Second, our approach est imates demand and supply curves for  household

c l e a n l i n e s s . T h i s  d i f f e r e n t  a p p r o a c h  i n  m e t h o d o l o q y  i s  v e r y  i m p o r t a n t .

P r e v i o u s  s t u d i e s  i n c o r r e c t l y  m e a s u r e d  c h a n g e s  i n  w e l f a r e  f r o m  p o l l u t i o n

s o i l i n g  a s  b e i n g  e q u a l  t o  e s t i m a t e d  c h a n g e s  i n  c l e a n i n g  e x p e n d i t u r e  a s

a f f e c t e d  b y  p o l l u t i o n . But ,  as  we show,  c lean ing  expend i tu re  is  on ly  one

i n p u t  i n t o  t h e  c o r r e c t  e s t i m a t i o n  o f  w e l f a r e  c h a n g e s .

I n  g e n e r a l , t o  e s t i m a t e  c h a n g e s  i n  h o u s e h o l d  w e l f a r e ,  i t  i s  n e c e s s a r y  t o

measure  demand and  supp ly  schedu les  fo r  c lean l iness  and  any  sh i f t s  in  these

schedu les  b rough t  abou t  by  po l lu t ion . A  m a i n t a i n e d  h y p o t h e s i s  o f  t h i s  s t u d y

i s  t h a t  l o s s e s i n  w e l f a r e  i n c r e a s e  a s  p o l l u t i o n  i n c r e a s e s ,  e v e n  t h o u g h  t h e

f r e q u e n c y  o f  c l ean ing  and  to ta l  cleaning  expendi tures  as  expressed by

i ncreas i ng monetary expendi tures , in the marketplace,  may not change.

The main pol icy imp lication o f  t h e  s t u d y  s t e m s  from  o u r  f inding t h a t  s o i l i n g

w e l f a r e  l o s s e s  c a n  b e  r e l a t i v e l y  l a r g e . As we show, n e g l e c t  o f  t h e s e  l o s s e s

c o u l d  b i a s  b e n e f i t / c o s t  c a l c u l a t i o n s  t o w a r d  i n e f f i c i e n t l y  l o w  l e v e l s  o f

c o n t r o l .
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T h e  p l a n  f o r  t h e  r e m a i n d e r  o f  t h e  p a p e r  i s  a s  f o l l o w s .  F i r s t ,  w e  e x p l a i n  h o w

the  demand and  supp ly  func t ions  fo r  househo ld  c lean l iness  can  be  used  to

e s t i m a t e  t h e  c h a n g e  i n  c o n s u m e r  w e l f a r e  d u e  t o  p o l l u t i o n  v a r i a t i o n s . Second,

we d iscuss  emp i r i ca l  methods  and  p resen t  resu l t s  f rom es t imat ing  demand and

s u p p l y  f u n c t i o n s . F o l l o w i n g  t h i s , w e  p r o v i d e  ( f o r  P h i l a d e l p h i a  a n d  t h e

Nat ion )  es t imates  o f  consumer  gains.in we l fa re  due  to  c leaner  househo ld

env i ronments  tha t  cou ld  be  ach ieved  th rough  meet ing  the  Federa l  p r imary  and

s e c o n d a r y  s t a n d a r d s  f o r  p a r t i c u l a t e  m a t t e r . T h e  m a j o r  p o l i c y  i m p l i c a t i o n s  a r e

t h e n  d i s c u s s e d  i n  t h e  f i n a l  s e c t i o n .

We l fa re  l osses

Methodology

A  d e t e r i o r a t i o n  i n  a i r  q u a l i t y  c a n  s h i f t  t h e  s u p p l y  c u r v e  f o r  h o u s e h o l d

cleaniness t o  h i g h e r  l e v e l s ; i n  t u r n  t h i s  c a n  r e s u l t  i n  c o n s u m e r  a n d  p r o d u c e r

losses.3 Empir ical  measurement of  these losses depends upon the shapes of  the

demand and  supp ly  curves  fo r  househo ld  c lean l iness ,  the  ex ten t  to  wh ich  the

s u p p l y  c u r v e  i s  s h i f t e d  w h e n  p o l l u t i o n  v a r i e s , and the manner in which the

s u p p l y  c u r v e  i s  s h i - f t e d  ( f o r  e x a m p l e ,  i n  a  p a r a l l e l  f a s h i o n  o r ,  a l t e r n a t i v e l y ,

i n  a  m u l t i p l i c a t i v e  o r  r o t a t i o n a l  f a s h i o n ) .

T h e  a n a l y s i s  p r e s e n t e d  i n  t h i s  s e c t i o n  c o n s i d e r s  t h r e e  h y p o t h e t i c a l  c a s e s :

( 1 )  A  d e m a n d  c u r v e  w i t h  c o n s t a n t  u n i t a r y  n e g a t i v e  e l a s t i c i t y  ( t h a t

i s , a  r e c t a n g u l a r  h y p e r b o l e )  c o m b i n e d  w i t h  a n  increasinq  l i n e a r

m a r q i n a l  c o s t  c u r v e  t h a t  s h i f t s  i n  a  m u l t i p l i c a t i v e  o r  r o t a t i o n a l

f a s h i o n  a s  p o l l u t i o n  v a r i e s .

( 2 )  A  c o n s t a n t  u n i t a r y  e l a s t i c i t y  d e m a n d  c u r v e  c o m b i n e d  w i t h  a

c o n s t a n t  m a r q i n a l  c o s t  c u r v e  t h a t  s h i f t s  i n  a  p a r a l l e l  f a s h i o n  as

p o l l u t i o n  v a r i e s .
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( 3 )  A  d e m a n d  c u r v e  t h a t  m a i n t a i n s  a  c o n s t a n t  outlay f o r  c l e a n i n g

c o m b i n e d  w i t h  a n  increasinq  l i n e a r  m a r q i n a l  c o s t  c u r v e  t h a t

s h i f t s  i n  a  p a r a l l e l  f a s h i o n  a s  p o l l u t i o n  v a r i e s .

.

These  cases  a re  examined because  they  agree  w i th  emp i r i ca l  es t imates  o f  demand

curves  fo r  househo ld  c l e a n l i n e s s  ( p r e s e n t e d  i n  t h e  n e x t  s e c t i o n )  a n d  p r o v i d e

i n t e r e s t i n g  v a r i a t i o n s i n  t h e  s u p p l y  c u r v e s . To move ahead somewhat, a

c o n s t a n t  u n i t a r y  e l a s t i c i t y  demand curve  o r  a  demand curve  tha t  ma in ta ins

c o n s t a n t  o u t l a y s  i s  u s e d  b e c a u s e  e m p i r i c a l  e v i d e n c e  p r o v i d e d  i n  t h i s  p a p e r

i n d i c a t e s  t h a t  e x p e n d i t u r e s  o n  s p e c i f i c  h o u s e h o l d  c l e a n i n g  t a s k s  r e m a i n

cons tan t  as  po l l u t i o n  v a r i e s . O n  t h e  c o s t  o r  s u p p l y  s i d e  i t  s e e m s  likely--

based upon physi c a l  r e l a t i o n s h i p s  d e s c r i b e d  b e l o w - - t h a t  t h e  s u p p l y  c u r v e  f o r

c lean l iness  has a  p o s i t i v e  s l o p e  a n d  i s  s h i f t e d  i n  a  m u l t i p l i c a t i v e  o r

r o t a t i o n a l  f a s h o n  a s  p o l l u t i o n  v a r i e s  ( o u r  c a s e  1 ) . B u t  e m p i r i c a l  e v i d e n c e

o f  s u p p l y  c u r v e s  i s  s p e c u l a t i v e  a n d  i t  s e e m s  p r u d e n t ,  t h e r e f o r e ,  t o

i n v e s t i g a t e  t h e  o t h e r  t w o  c a s e s . A s  i n d i c a t e d  b e l o w ,  w e l f a r e  l o s s e s  ( o r

a l t e r n a t i v e l y , b e n e f i t s  w h e n  p o l l u t i o n  i s  c o n t r o l l e d )  u n d e r  c a s e  1  a n d  c a s e  2

a r e  e q u a l  w h e r e a s  l o s s e s  i n  w e l f a r e  e s t i m a t e d  u n d e r  c a s e  3 a r e  a b o u t  t w i c e  t h e  .

losses under cases 1 and 2. T o  h e l p  e n s u r e  t h a t  t h e  e s t i m a t e s  o f  b e n e f i t s  a r e

no t  b iased  upward ,  the  lower , more  conserva t i ve  es t imates  o f  case  1  a re  used

to  compare  the  benef i t s  and  cos ts  o f  ach iev ing  Federa l  p r imary  and  secondary

p a r t i c u l a t e  s t a n d a r d s .

Case  1

Figure 1 shows a hypothet ical  household income compensated demand curve, DD’,

and  the  marg ina l  cos ts  o r  supp ly  curves  MC(P,)  and  MC(P2) fo r  househo ld

c l e a n l i n e s s  at t w o  d i f f e r e n t  p o l l u t i o n  l e v e l s ,  P, a n d  P2 r e s p e c t i v e l y . It is

assumed, f o r  i l l u s t r a t i v e  p u r p o s e s  o n l y , t h a t  t h i s  i s  a r e p r e s e n t a t i v e



h o u s e h o l d ,  t h a t  p o l l u t i o n  d o u b l e s  (P2 = 2P1), a n d  t h a t  t h e  h o u s e h o l d  d e m a n d

s c h e d u l e  f o r  c l e a n l i n e s s  h a s  u n i t a r y  n e g a t i v e  e l a s t i c i t y . F o r  t h e  s u p p l y

curve, i t  i s  a s s u m e d  t h a t  t h e  m a r g i n a l c o s t  s c h e d u l e  r o t a t e s  i n  p r o p o r t i o n  t o

t h e  r a t i o  o f  t h e  final and base pollution  levels:
.

MC = a (pf/PbjaQ (1)

where

.
, 5

MC i s  m a r g i n a l  c o s t s  p e r  u n i t  o f  c l e a n l i n e s s ;

Pf i s  t h e  f i n a l  l e v e l  o f  p o l l u t i o n ;

P b  i s  t h e  b a s e  o r  r e f e r e n c e  l e v e l  o f  p o l l u t i o n ;

Q  r e p r e s e n t s  u n i t s  o f  c l e a n l i n e s s ;  a n d

a and u are numerical  parameters.

Al so, f o r  ii

c lean I iness

would double

The  we l fa re I oss to the consumer when pol lut ion doub les is measured by area

CBFC. T h i s  c o n s i s t s  o f  C J F G ,  t h e  h i g h e r  p r i v a t e  v a l u e s  f o r  t h e  c o n s u m e d  u n i t s

o f  c l e a n l i n e s s , and  JBF,  the  fo regone sa t i s fac t ion  that.the consumer  had  when

p o l l u t i o n  w a s  l e s s . Given the hypothet ical  demand and supply schedules

i l l u s t r a t e d  i n  F i g u r e  1 , t h e  c o n s u m e r ’ s  w e l f a r e  l o s s  i s  a p p r o x i m a t e l y  7 0 . 7

p e r c e n t  o f  t h e  o r i g i n a l  o u t l a y  ( i . e . ,  C B F C  - 0 . 7 0 7  l  OAB).4 I t  i s  n o t e w o r t h y

tha t  the  loss  occurs  even  though  c lean ing  f requency  and  to ta l  marke t

expenditures on cleaning remain unchanged. Us ing  the  changes  in c lean ing

f requency  and  expend i tu res  as  measurab le  ind ica to rs  o f  consumer  loss ,  as

prev ious  s tud ies  have done, wou ld  show no  measurab le  we l fa re  loss  in  the

e x a m p l e  s h o w n  i n  F i g u r e  1  b e c a u s e  t h e  d i f f e r e n t i a l  i n  c l e a n i n g  o u t l a y s  i s

z e r o . O n l y  w h e n  t h e  d e m a n d  c u r v e  f o r  c l e a n l i n e s s  i s  p e r f e c t l y  v e r t i c a l

u s t r a t i v e  p u r p o s e s  o n l y ,  i t  i s  a s s u m e d  t h a t  a  - 1 . Thus at

e v e l  A  ( s e e  F i g u r e  l), t h e  i n i t i a l  l e v e l  o f  m a r g i n a l  c o s t s ,  A B ,

to  AH when po l lu t ion  doub les .
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(correspondirtg t o  a  d e m a n d  p r i c e  e l a s t i c i t y  f o r  c l e a n l i n e s s  o f  z e r o ) ,  w i l l  t h e

loss in economic wel fare (OBH in Figure 1 when pol l u t i o n  d o u b les) e q u a l  t h e

i n c r e a s e  i n  c l e a n i n g  e x p e n d i t u r e  (OBH).

.

tlC(P,) a n d  MC(P2) i n  F i g u r e  1  a r e  t h e  s u p p l y  c u r v e s  f o r  P, a n d  P2 l e v e l s  o f

a i r  p o l l u t i o n ,  r e s p e c t i v e l y . lmbedded in  these  supp ly  curves  a re  cer ta in

assumed techno log ica l  and  economic  re la t ionsh ips  fo r  c lean ing  techno log ies .

T h e  s h a p e  a n d  p o l l u t i o n - i n d u c e d  r o t a t i o n  o f  t h e  s u p p l y  c u r v e s  c a n  b e  l o g i c a l l y

deduced  f rom these  fea tu res .

For  example ,  many ,  i f no t  mos t , househo lds  supp ly  the i r  own c l e a n i n g  l a b o r  a t

a n  i n c r e a s i n g  margina I o p p o r t u n i t y  c o s t .  T h u s ,  t h e  h o u s e h o l d cleanlfness

s u p p l y  c u r v e  i s  l i k e l y  t o  b e  p o s i t i v e l y  s l o p e d . B u t  i n  a d d i t i o n  t o  h a v i n g  a

p o s i t i v e  s l o p e , the  c lean l iness  supp ly  cu rve  cou ld  a lso  be  concave  upward

under  the  reasonab le  assumpt ion  tha t  a  percen tage  change in  c lean l iness  i s

p r o p o r t i o n a l  t o  a  p e r c e n t a g e  c h a n g e  i n  c l e a n i n g  c o s t s . 5 However , a  l i n e a r

inc reas ing  marg ina l  cos t  schedu le  i s  used  because  (1 )  we l fa re  changes

es t imated  by  us ing  l inear  schedu les  a re  near ly  the  same as  those  es t imated

w i t h  c u r v i l i n e a r  s c h e d u l e s ,  a n d  ( 2 )  t h e  e q u a t i o n s  f o r  e s t i m a t i n g  t h e  c h a n g e  i n

consumer  we l fa re  a re  eas i l y  der i ved  when l i near  schedu les  a re  used  (see

be low) .

T h e  s h i f t  o r  r o t a t i o n  i n  t h e  c l e a n l i n e s s  s u p p l y  c u r v e  i s  d e t e r m i n e d  b y  t h e

v a l u e  f o r  t h e  p a r a m e t e r  a i n  e q u a t i o n  1 . T h e  s p e c i f i c  r e l a t i o n s h i p  e x p r e s s e d

i n  e q u a t i o n  1  f o l l o w s - d i r e c t l y  f r o m  t h e  pl aus ib le  assumpt ion  tha t  percen tage

c h a n g e  i n  c l e a n i n g  e f f o r t ,  t o  a c h i e v e  a  g i v e n  c l e a n l i n e s s  l e v e l ,  i s

p r o p o r t i o n a l  t o  p e r c e n t a g e  c h a n g e  i n  r e l a t i v e  p o l l u t i o n .  F o r  e x a m p l e ,  i f

Q = 1 then  the  marg ina l  cos t  cu rve  wou ld  ro ta te  upward  by  100  percen t  when

p o l l u t i o n  d o u b l e s .
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A  v a l u e  f o r  a  l a r g e r  ( o r  s m a l l e r )  t h a n  1 w o u l d  r e s u l t  i n  a  m o r e  t h a n  ( o r

I c o s t  s c h e d u l e  a n d ,  t h e r e f o r e , i

l a rge r  (o r  sma l le r )  changes  in  consumer  we l fa re  when  pallution changes .

t h a n )  p r o p o r t i o n a t e  s h i f t  i n  t h e  margina

7

l ess

n

A

va lue  fo r  a o f  1  and  va lues  bo th  be low and  above  1  are suppor ted  by  empi r i ca l .

ev i dence. T h e s e  v a l u e s  a n d  t h e i r  e m p i r i c a l  b a s e s  a r e  d i s c u s s e d  i n  t h e  n e x t

s e c t i o n .

Cases 2 and 3

O t h e r  v a r i a t i o n s  o f  t h e  s u p p l y  c u r v e  a r e  a  p a r a l l e l  s h i f t  i n  a n  increasinq

m a r g i n a l  c o s t  c u r v e  as p o l l u t i o n  c h a n g e s  a n d  a  p a r a l l e l  s h i f t  i n  a c o n s t a n t

m a r g i n a l  c o s t  c u r v e  a s  p o l l u t i o n  c h a n g e s . Unl ike case 1 there does not  seem

t o  b e  a  p l a u s i b l e  b a s i s  o r  r a t i o n a l e  t h a t  w o u l d  s u p p o r t  e i t h e r  o f  t h e  t w o

v a r i a t i o n s .
6

T h e  f i r s t v a r i a t i o n - - a p a r a l l e l  s h i f t  i n  a n  i n c r e a s i n g  m a r g i n a l

c o s t  c u r v e - - w o u l d  p r o v i d e  a n  e s t i m a t e  o f  w e l f a r e  l o s s  (as p o l l u t i o n  i n c r e a s e s )

i nt h a t  i s  t w i c e  t h e  l o s s  u n d e r  c a s e  1 . The  o ther  va r

a c o n s t a n t  m a r g i n a l  c o s t  c u r v e - - w o u l d  r e s u l t  i n  t h e

under case 1. 7

iat i o n - - a  p a r a l l e l  s h i f t

same welfare change as

O v e r a l l , t h e r e  i s  l i t t l e  m e a n i n g f u l  d i s c u s s i o n  o f  c l e a n i n g  t e c h n o l o g i e s

t e c h n i c a l  l i t e r a t u r e . T h u s ,  t h e  f i n a l  s e l e c t i o n  o f  a c l e a n l i n e s s  s u p p l y

func t ion  can  on ly  be  based  upon  the  degree  o f  suppor t  f rom p laus ib le

a s s u m p t i o n s  a n d  u p o n  d i f f e r e n c e s  i n  r e s u l t s  a m o n g  a l t e r n a t i v e  f u n c t i o n a l

forms. Our  p re fe r

r e p r e s e n t a t i o n .

other supply mode I

a n y t h i n g ,  p r o v i d e

ence, i n  t e r m s  o f  t h e s e  c r i t e r i a ,  i s  f o r  t h e  c a s e  1

t  d o e s  a p p e a r  t o  h a v e  a p l a u s i b l e  b a s i s . Compared to the

s  cons idered  here , t h e  c a s e  1  r e p r e s e n t a t i o n  w o u l d ,  i f

conservative  est

c o n t r o l l i n g  p a r t i c u l a t e  m a t t e r  p o l

n  t h e

m a t e s  o f  c l e a n l i n e s s  b e n e f i t s  f r o m

ut ion.
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Variat ions in Demand Curves,

.

C o n s t a n t  u n i t a r y  e l a s t i c i t y  d e m a n d  c u r v e s , o r  a demand curve  tha t  maintains

c o n s t a n t  o u t l a y s  f o r  c l e a n i n g , have been used to explain the methodology,

Empi r i ca l  ev idence ,  p resented l a t e r  i n  t h i s  paper, indicates that outlays o n

s p e c i f i c  h o u s e h o l d  c l e a n i n g  t a s k s  a r e  i n v a r i a n t  w i t h  r e s p e c t  t o  p o l l u t i o n

o v e r  t h e  o b s e r v e d  p o l l u t i o n  r a n g e . However, in an’earlier  study made in 1966,

Hichelson  a n d  Tourin [Y] f o u n d  a  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  f r e q u e n c y  o f

p e r f o r m i n g  c e r t a i n  h o u s e h o l d  c l e a n i n g  t a s k s  a n d  p a r t i c u l a t e  a i r  p o l l u t i o n  w h e n

they  ana lyzed da ta  ga thered  in  S teubenv i l le  and  Un ion town,  Oh io . To our

know1  edge, n o  s t u d i e s  e x i s t  t h a t  s h o w  a  n e q a t i v e  r e l a t i o n s h i p  b e t w e e n  c l e a n i n g

f r e q u e n c y  ( o r  o u t l a y )  a n d  v a r i a t i o n  i n  p a r t i c u l a t e  p o l l u t i o n ,  a l t h o u g h  t h i s  i s

an acceptable economic outcome.
8

O u r  c o n c e r n  i s  n o t  t o  b i a s  u p w a r d  o u r  e s t i m a t e s  o f  t h e  b e n e f i t s  t h a t  w o u l d

r e s u l t  f r o m  r e d u c i n g  p a r t i c u l a t e  m a t t e r  t o  l e v e l s  r e q u i r e d  b y  t h e  F e d e r a l

pr imary and secondary standards. The  Miche lson-Tour in  resu l t  imp l ies  a demand

i s

c u r v e  f o r  c l e a n l i n e s s  ( r o t a t e d  a b o u t  B )  t h a t  w o u l d  b e  t o  t h e  n o r t h e a s t  o f  B F

in  F igure  1 . T h i s  i n  t u r n  w o u l d  l e a d  t o  l a r g e r  e s t i m a t e s  o f  w e l f a r e  c h a n g e s

than  wou ld  the  use  o f  the  demand curve  BF,  employed in  th is  ana lys is . On th

count al so, o u r  e s t i m a t e s  o f  b e n e f i t s  f r o m  r e d u c i n g  particulates t o  t h e

Federa l  p r imary  and  secondary  s tandard  wou ld  tend ,  i f  any th ing ,  to  be

c o n s e r v a t i v e .

An Equat ion for Est imat inq Welfare Chanqes

I f  a marg ina l  cos t  schedu le  as  p rov ided  by  equat ion  (1 )  and  a  cons tan t

elast ic i ty demand curve are assumed, the  change  in  consumer  we l fa re  (ACW..) is
‘J

g i ven  by9

ACWij = - 3~~ j/~i j p + ( AQ,  j/~i jVd 2~~ j (2)
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where

~Rij - the change i n  t h e  p r i c e  o f  c l e a n l i n e s s  f o r  t h e ith
c lean ing

. t hand maintenance task and the J househo ld  c lass ;

AQij
= t h e  c h a n g e  i n  t h e  u n i t s  o f  c l e a n l i n e s s  f o r  t h e  i t h

c lean ing  and  ma in tenance  task  and  the  j t h
househo ld  c lass ;

L = t h e  b a s e  o r  r e f e r e n c e  o u t l a y  o n  t h e  i t h
i j c lean ing  and

‘Ihmain tenance  task  by  the  J househo ld  c lass

(= Xij/2 - R . .  l  Qij/2); a n d
‘J

X
ij =

t h e  b a s e  o r  r e f e r e n c e  v a l u e  o f  c l e a n l i n e s s  a s s o c i a t e d  w i t h

ith c lean ing  and  ma in tenance  task  by  the  j t h
household

c l a s s .

The two unknown express ions  in  equat ion  (2), the  percen tage  changes  in  p r i ce

a n d  q u a n t i t y  o f  c l e a n l i n e s s , a r e  g i v e n  b y  t h e s e  e x p r e s s i o n s :

ARij/Rij - (Pjf/Pjb)ai’2  - 1 a n d

'Qij/Qij = (l/(1  +ARij/Rij))  - I l (4)

where

P = f i n a l  l e v e l  o f  p a r t i c u l a t e  p o l l u t i o n  f o r  t h e  j
t h

j f

household;

P
jb

= b a s e  o r  r e f e r e n c e  l e v e l  o f  p a r t i c u l a t e  p o l l u t i o n  f o r  t h e

. t h
J household;  and

=I
= p h y s i c a l  p a r a m e t e r  d e r i v e d  f r o m  e x p e r i m e n t a l  d a t a .

E q u a t i o n  ( 3 )  f o l l o w s  f r o m  t h e  s i m u l t a n e o u s  s o l u t i o n  o f  e q u a t i o n  ( 1 )  a n d  t h e

u n i t a r y  e l a s t i c i t y  d e m a n d  e q u a t i o n .
10

E q u a t i o n  ( 4 )  f o l l o w s  d i r e c t l y  f r o m  t h e

u n i t a r y  e l a s t i c i t y  d e m a n d  e q u a t i o n  ( X . .  - 5. .Q. .I.
‘J ‘J ‘J
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Empir ical  Est imates of  Consumer We1 fare 11

E q u a t i o n s  (21, (3) and  (4 )  a l l ow consumer  we l fa re  assoc ia ted  w i th  househo ld

clean1 iness

p a r t i c u l a t e

parameter a

t o  b e  e s t i m a t e d  f o r  s p e c i f i e d  c h a n g e s  i n  t h e  l e v e l

m a t t e r . Imp lementa t ion  requ i res  emp i r i ca l  es t imat

i, e m p i r i c a l  v e r i f i c a t i o n  t h a t  f r e q u e n c y  o f  househo

.

o f  amb ien t

o n  o f  t h e

d  c lean ing  does

n o t  v a r y  o v e r  t h e  o b s e r v e d  r a n g e s  o f  p a r t i c u l a t e  m a t t e r ,  a n d  e s t i m a t i o n  o f

base  o r  re fe rence  expend i tu res  on  spec i f ied  c lean ing  and  ma in tenance  tasks .

Est imat ing  a

Five  indoor  and  th ree  ou tdoor  c lean ing  and  ma in tenance  tasks  were  cons idered

f o r  a n a l y s i s  ( s e e  T a b l e  I ) . ideal ly , values 0 f

maintenance task should be considered; however

d e r i v e d  a n d  u s e d  r e p e a t e d l y  f o r  e a c h  t a s k :  a

e s t i m a t e  o f  1 . 0 ,  a n d  a  h i g h  e s t i m a t e  o f  2 . 0 .

Oi f o r  e a c h  c l e a n i n g  a n d

a  s i n g l e  s e t  o f  e s t i m a t e s  w a s

o w  e s t i m a t e  o f  0.56;  a  m i d d l e

T h e  e s t i m a t e s  w e r e  d e r i v e d  f r o m  t h e  t e c h n i c a l  l i t e r a t u r e .  A  t h o r o u g h  s e a r c h

revea led  on ly  two ar t i c les  wh ich  cou ld  be  used to  p rov ide  va lues ,  namely ,

Beloin and Haynie [2] and Esmen [S]. The f ind ings  o f  Beloin and Hayn ie  were

u s e d  t o  d e r i v e  t h e  l o w  (0.56) a n d  m i d d l e  ( 1 . 0 )  e s t i m a t e s  foroi. The high

es t imate  (2 .0 )  i s  based upon Esmen ’s  resu l ts .

Es t imat ing  the  Re la t ionsh ip  be tween Frequency  o f  C lean ing  and  Par t i cu la te

Pol lut ion

T h e  d a t a  u t i l i z e d

f r o m  a cross-sec t i

t l e t r o p o l i t a n  Stati

each household on

i n  e s t i m a t i n g  f r e q u e n c y  o f  c l e a n i n g  f u n c t i o n s  w e r e  t a k e n

onal s u r v e y  o f  1 4 4 2  5ouseholds  i n  t h e  P h i l a d e l p h i a  S t a n d a r d

s t i c a i  A r e a  (SMSA).” The d a t a  c o n s i s t  o f  o b s e r v a t i o n s  f r o m

soc ioeconomic  charac te r i s t i cs ,  a t t i t u d e s  t o w a r d s  h o u s e h o l d
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.cleanllness,,and  the  f requency  w i th  wh ich  househo ld  cleaning  and main tenance

t a s k s  w e r e  p e r f o r m e d . A  p o l l u t i o n  z o n e  f o r  e a c h  h o u s e h o l d  was r e c o r d e d .  T h e

mean po l lu t ion  leve l  o f  tha t  zone  was  ass igned  to  each  househo ld . A l l  t h e

s o c i o e c o n o m i c  c h a r a c t e r i s t i c s , excep t  the  number  o f  peop le  in  the  househo ld
.

and number of  chi ldren under 6 years of age, were converted to zero-one dummy

v a r i a b l e s .

V a r i a b l e s  r e f l e c t i n g  a t t i t u d e s  t o w a r d s  c l e a n l i n e s s ,  e x p r e s s e d  a s  13  z e r o - o n e

dummy, v a r i a b l e s  w e r e  a l s o  d e v e l o p e d  f o r  t h e  a n a l y s i s . Each household was

assigned.to  a n  a t t i t u d i n a l  c l u s t e r  b a s e d  o n  t h e  h o u s e h o l d  s c o r e  f o r  s i x

c l e a n l i n e s s  f a c t o r s . The  fac to rs  were  de te rmined  by  conduc t ing  fac to r

a n a l y s i s  o n  h o u s e h o l d  r e s p o n s e s  t o  56 q u e s t i o n s  o n  a t t i t u d e s ,  i n c l u d e d  i n  t h e

c r o s s - s e c t i o n a l  s u r v e y . A s s i g n m e n t  t o  o n e  o f  t h e  13 a t t i t u d i n a l  c l u s t e r s  w a s

d e t e r m i n e d  b y  f i n d i n g  h o u s e h o l d s  w i t h  s i m i l a r  f a c t o r  s c o r e s . ”

For  the  se lec ted  indoor  and  ou tdoor  c lean ing  tasks , f requenc ies  o f  pe r fo rmance

fo r  househo lds  conduc t ing  the  tasks  were  regressed  aga ins t  soc ioeconomic

c h a r a c t e r i s t i c s , a t t i t u d e s  t o w a r d s  c l e a n l i n e s s ,  a n d  h o u s e h o l d  p o l l u t i o n

l e v e l s . T h e  p r o p o r t i o n  o f  e x p l a i n e d  v a r i a n c e  (R2), fo r  c lean ing  f requency  was

l e s s  t h a n  0 . 2  i n  a l l  c a s e s . Some o f  the  independent  var iab les  had  s igns  tha t

c o n t r a d i c t e d  a  p r i o r i  a s s u m p t i o n s  a b o u t t h e  d i r e c t i o n  o f  the.relationships.

In essence, s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p s  w e r e  n o t  f o u n d .

Consequent ly, i t  was  conc luded tha t  the  f requency  o f  c lean ing  was  no t

s i g n i f i c a n t l y  d i f f e r e n t  a c r o s s  h o u s e h o l d s  h a v i n g  d i f f e r e n t  s o c i o e c o n o m i c

c h a r a c t e r i s t i c s ,  a t t i t u d e s ,  a n d  p o l l u t i o n  l e v e l s .
14
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O u r  f i n d i n g s  a l l o w  t h r e e  i m p l i c a t i o n s  t o  b e  d r a w n  o n  e s t i m a t i n g  c h a n g e s  i n

consumer we1 f are:

( 1 )  I t  f o l l o w s  t h a t  i f  t h e  s u p p l y  s c h e d u l e  f o r  c l e a n l i n e s s  i s  a

r o t a t i n g  l i n e a r  s c h e d u l e  p a s s i n g  t h r o u g h  t h e  o r i g i n  ( c a s e  l),

then  the  demand curve  fo r  househo ld  c lean l iness  has  un i t  nega t i ve ’

p r i c e  e l a s t i c i t y . In  o ther  words ,  as t h e  m a r g i n a l  c o s t s  o r

p r i c e s  o f  c l e a n l i n e s s  v a r y  ( a s  p o l l u t i o n  c h a n g e s ) ,  t h e  t o t a l

v a l u e  a n d  t o t a l  o u t l a y s  f o r  c l e a n l i n e s 5 remain constant.

There fo re , the demand and market  pr ices for  household c leaning

a n d  p a i n t i n g  s u p p l i e s  w i l l  n o t  b e  a f f e c t e d  b y  c h a n g e s  i n

p o l l u t i o n  l e v e l s , a t  l e a s t  o v e r  t h e  r a n g e  o f  a i r  p o l l u t i o n  v a l u e s

e x a m i n e d  i n  t h i s  a n a l y s i s  (61 t o  1 3 3  ug/m3, to ta l  suspended

p a r t i c u l a t e ) . H o u s e h o l d s  d o  n o t  a t t e m p t  t o  a d j u s t  t o  a  d i r t i e r

e n v i r o n m e n t  b y  c h a n g i n g  t h e i r  c l e a n i n g  o u t l a y s  o r  h a b i t s .

However, t h e r e  i s  a  w e l f a r e  l o s s  i n c u r r e d  b y  t h e  h o u s e h o l d s

e x p o s e d  t o  d i r t i e r  e n v i r o n m e n t . T h i s  l o s s  i s  t h e  l o w e r  u t i l i t y

o f  h a v i ronment. 15i n g  t o  l i v e  i n  a  m o r e  p o l l u t e d  e n v

( 2 )  S i n c e  c l e a n i n g  f r e q u e n c i e s  d o  n o t  c h a n g e ,  i t  i s  n o t  n e c e s s a r y  t o

a s s i g n  h o u s e h o l d s  t o  d i f f e r e n t  c l a s s e s  o n  t h e  b a s i s  o f  c l e a n i n g

behav io r  in  o rder  to  es t imate  changes  in  consumer ’s  we l fa re .

( 3 )  E v e n  t h o u g h  t h e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e s  n o  d i f f e r e n c e  i n

b e h a v i o r , i t  is,.nevertheless,n e c e s s a r y  t o  c l a s s i f y  h o u s e h o l d s

b y  t h e i r  i n i t i a l  p o l l u t i o n  l e v e l s .  C e t e r i s  p a r i b u s ,  h o u s e h o l d s

i n  m o r e  p o l l u t e d  a r e a s  f a c e  h i g h e r  u n i t  p r i c e s  f o r  c l e a n l i n e s s .

T h e y  s t a n d ,  t h e r e f o r e , t o  g a i n  nore  f r o m  a  r e d u c t i o n  o f  a i r

p o l l u t i o n  t o w a r d  t h e  l e v e l s  r e q u i r e d  b y  F e d e r a l  s t a n d a r d s .
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.

le It p r e s e n t s  a  c l a s s i f i c a t i o n  o f  h o u s e h o l d s  i n  t h e  PhiladeTab l p h i a  a r e a  b y

p o l l u t i o n  z o n e . A p p l i c a t i o n  o f  E q u a t i o n  ( 2 )  r e q u i r e s  a n  e s t i m a t e  o f  o b s e r v e d

c l e a n i n g  o u t l a y s  (L ij) b y  c l e a n i n g  t a s k  ( a s  i n d e x e d  b y  i )  a n d  b y  p o l l u t i o n

zone (as  indexed by  j ) . T a b l e  I I  p r e s e n t s  t h e  e s t i m a t e s  f o r  L . .  w h i c h  a r e
‘J

Es t imates  o f  We l fa re  Ga ins

d e r i v e d  b y  a p p l y i n g  t h e  e q u a t i o n  g i v e n  i n  footn0te.b  o f  t h e  t a b l e . It is

assumed tha t  (1 )  the  sample  o f  1 ,442  househo lds  i s  represen ta t i ve  o f  the

Ph i lade lph ia  SMSA,  and (2 )  the  average un i t  c lean ing  and pa in t ing  cos ts  a re

the  same ac ross  the  fou r  po l lu t ion  zones . 16

E s t i m a t e s  o f  c o n s u m e r  w e l f a r e  g a i n  f o r  P h i l a d e l p h i a  a r e  p r e s e n t e d  i n  P a r t  A o f

T a b l e  I I I  f o r  d i f f e r e n t  v a l u e s  o f  ai. The es t imates ,  on  the  assumpt ion  tha t

t o t a l  s u s p e n d e d  p a r t i c u l a t e  i s  r e d u c e d  t o  t h e  F e d e r a l  p r i m a r y  s t a n d a r d ,  r a n g e

f r o m  $23.1 to  $84 .9  mi l l i on  per  year , or from $16 to $57 per household

annual ly. A g g r e g a t e  w e l f a r e  g a i n s ’  f o r  r e d u c i n g  p a r t i c u l a t e s  t o  t h e  p r i m a r y

s t a n d a r d  i n  1 2 3  SMSA’S i n c l u d i n g  P h i l a d e l p h i a ,  a s  s h o w n  i n  P a r t  B  o f

Tab le  I I I ,  range  f rom $858 t o  $3 ,227  mi l l i on  per  year ,  o r  f rom $23  to  $85 per

household annual ly. 17 G a i n s  o r  b e n e f i t s  f r o m  r e d u c i n g  p a r t i c u l a t e s  t o  t h e

secondary  s tandard  a re  about  tw ice  as  la rge .
18

T h e  e s t i m a t e d  w e l f a r e  l o s s  f u n c t i o n  f o r  P h i l a d e l p h i a  i s  s h o w n  i n  F i g u r e  2 .  I t

i s  n o t e w o r t h y  t h a t  t h e  l o s s  f u n c t i o n  i s  c o n c a v e  d o w n w a r d  o r ,  o b v e r s e l y ,  t h a t

t h e  b e n e f i t  f u n c t i o n  f r o m  l e s s  s o i l i n g  i s  c o n c a v e  u p w a r d . Any household

p r o f i t i n g  b y  a  r e d u c t i o n  i n  p o l l u t i o n  w i l l  e x p e r i e n c e  b e n e f i t s . o c c u r r i n g  a t  a n

i n c r e a s i n g  r a t e  a s  p a r t i c u l a t e  p o l l u t i o n  a p p r o a c h e s  b a c k g r o u n d  l e v e l s . Th is

can be  con f i rmed by  subs t i tu t ing  equat ions  (3)  and (4 )  in to  equa t ion  (2 )  and
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t a k i n g  t h e  d e r i v a t i v e  o f  ACW w i t h  r e s p e c t  t o  P f  f o r  a  g i v e n  v a l u e  o f  Pb w h e n

pf < Pb. A  s e c o n d  r e a s o n  f o r  t h e  c o n c a v i t y  i s  t h a t  a n  i n c r e a s i n g  n u m b e r  o f

h o u s e h o l d s  w i t h i n  a  g e o g r a p h i c  a r e a  b e n e f i t  a s  t h e  p o l l u t i o n  c o n c e n t r a t i o n

.
s tandard  i s  made more  s t r ingen t .

A t  t h i s  p o i n t , i t  i s  n e c e s s a r y  t o  d i g r e s s  a n d  s t a t e  t w o  i m p o r t a n t  a d d i t i o n a l

q u a l i f i c a t i o n s  t o  t h e  a n a l y s i s . T h e  f i r s t  i s  t h a t  e s t i m a t e s  o f  t h e  g a i n s  i n

u t i l i z e  a n  e s t i m a t e  o f  c l e a n i n g  e x p e n d i t u r e  b y  h o u s e h o l d sconsumer we1 fare

a c t u a l l y  p e r f o r m

ind ica ted  in  Tab

i n g  t h e  spec f i e d  c l e a n i n g  a n d  m a i n t e n a n c e  t a s k s .  H o w e v e r ,  a s

le II, not a I h o u s e h o l d s  p e r f o r m e d  t h e  t a s k s .  Th i s  i s

e s p e c i a l l y  t r u e

l e s s  t i m e  f o r  c

improvements in

i s  n o t  c a p t u r e d

f o r h o u s e h o l d s  i n  t h e  h i g h  p o l l u t i o n zone where low income and

l e a n i n g  m a y  c o n s t r a i n  h o u s e h o l d  b e h a v i o r .  A n y  g a i n  f r o m

a i r  p o l l u t i o n , which these non-spending households may incur,

b y  t h e  e s t imating  p r o c e s s  o u t

the households may be wi l l i n g  t o  p a y  t o  l i v e

p o l l u t i o n  i s  r e d u c e d .  O n e approach  to  ob ta in

d i r e c t  i n t e r v i e w s . Since this study does not

ined i n  t h i s  p a p e r . However,

n  l e s s - s o i l e d  h o u s e s  i f

n g  e s t i m a t e s  i s  t o  c o n d u c t

c o n d u c t  d i r e c t  i n t e r v i e w s ,  t h e

e s t i m a t e s  p r e s e n t e d  i n  t h i s  p a p e r  a r e  l i k e l y  t o  b e  c o n s e r v a t i v e .

T h e  s e c o n d  q u a l i f i c a t i o n  p e r t a i n s  t o  l a b o r  c o s t s  w h e r e  h o u s e h o l d e r s  a c t u a l l y

performed their  own maintenance and c leaning. T h e  e s t i m a t e s  i n  r e f e r e n c e  3  ,11
t h e  b a s i s  f o r  t h e  e s t i m a t e d  t o t a l  e x p e n d i t u r e  i n  T a b l e  I I  a n d ,  t h e r e f o r e ,  t h e

b a s i s  f o r  t h e  e s t i m a t e s  o f  w e l f a r e  g a i n  i n  T a b l e  I I I ,  i n c l u d e  l a b o r  c o s t s  o n l y

f o r  s e r v i c e s  t h a t  a r e  c o n t r a c t e d  ( r o u g h l y  2 5  p e r c e n t  o f  a l l  s e r v i c e s ) .  T h e

r e m a i n i n g  s e r v i c e s  w e r e  p e r f o r m e d  b y  “ d o - i t - y o u r s e l f ”  h o u s e h o l d s  f o r  w h i c h  t h e

r e p o r t e d  c o s t s  i n c l u d e  o n l y  m a t e r i a l  e x p e n s e . I n c l u d i n g  l a b o r  c o s t s  a t



e s t i m a t e d  c o n t r a c t  r a t e s  w o u l d  i n c r e a s e  w e l f a r e  g a i n s  b y  a b o u t  a  f a c t o r  o f

.

f o u r . However, t h e r e  i s  u n c e r t a i n t y  s u r r o u n d i n g  t h e  e s t i m a t e d  c o n t r a c t  r a t e s

s i n c e  t h e y  are b a s e d  o n  re?atively s m a l l  s a m p l e s  ( s e e  r e f e r e n c e  3 ).[I
F u r t h e r m o r e ,  c o n t r a c t  r a t e s  m a y  n o t  b e  t h e  a p p r o p r i a t e  p r i c e s  f o r  v a l u i n g  “do-

i t - y o u r s e l f “  l a b o r . O u r  p r e f e r e n c e  i s  t o  b e  c o n s e r v a t i v e  i n  e s t i m a t i n g

we l fa re  ga

are used w

i n s ;  a n d , t h e r e f o r e , t h e  o r i g i n a l  c o s t  e s t

i t h o u t  a d j u s t m e n t .

I m p l i c a t i o n s

T h e  m a j o r  p o l i c y  i m p l i c a t i o n  o f  t h e  a n a l y s i s  i s  t h a t t h e  n e g l e c t  o f  w e l f a r e

mates  f rom re fe rence  3Cl

l osses  f rom so i l i ng  and  the  app l i ca t ion  o f  i nappropr ia te  measurement

m e t h o d o l o g i e s  c o u l d  r e s u l t  i n  t h e  i m p l e m e n t a t i o n  o f  i n e f f i c i e n t  p a r t i c u l a t e

c o n t r o l s . T o  d e m o n s t r a t e  t h i s  p o i n t , we have assembled some benef i t  and cost

e s t i m a t e s  a t  t h e  n a t i o n a l  l e v e l  f o r  c o n t r o l l i n g  p a r t i c u l a t e  m a t t e r  p o l l u t i o n

(shown in  Tab le  IV) . W i t h  s o i l i n g  b e n e f i t s  i n c l u d e d ,  t h e  l a r g e s t  n e t  b e n e f i t

($2 ,109  mi l l i on  per  year )  occurs  as  the  secondary  s tandard  i s  approached (60

ug/m3)  ”. O n  t h e  o t h e r  h a n d ,  w i t h o u t  e s t i m a t e s  f o r  s o

b e n e f i t s  f o r  c o n t r o l l i n g  p a r t i c u l a t e  m a t t e r  a r e  n e g a t

c o n t r o l s  c o n s i d e r e d  i n  T a b l e  I V .

O b v i o u s l y ,  b e f o r e  r i g o r o u s  p o l c y  c o n c l u s i o n s  o n  t h e  e f f i c i e n c y  o f  p a r t i c u l a t e

standards can be drawn,

c o s t / b e n e f i t  a n a l y s i s .

s o i l i n g  b e n e f i t s  o r  t h e

po i  i cy  cho ices.

i t  wou I d  be  necessary  to  under take  re f ined  reg iona l

Nonetheless, the iqportant  p o i n t  i s  t h a t

i r  i n c o r r e c t  measArement  c o u l d  a d v e r s e l y

n e g l e c t  o f

i n f l u e n c e

l i n g  b e n e f i t s ,  n e t

ve  over  the  range o f
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As a means of  overcoming these problems, t h e  c o n t r i b u t i o n  o f  t h i s  p a p e r  h a s

been  to  demons t ra te  an  appropr ia te  methodo logy  fo r  es t imat ing  bene f i t s  f rom

I ing . F o r  f u r t h e r  r e f i n e m e n t s  i n  t h e b e n e f i t  m e t h o d o l o g y ,  b e t t e r

ion  i s  needed on  the  value f o r  ai, on the  shape  o f  the  marg ina l  cos t

l i n e s s  c u r v e , and on the manner in wh i c h  t h e  c u r v e  s h i f t s  a s  p o l l u t i o n

l e s s  soi

l

i nformat

o f  c l e a n

changes.
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APPENDIX

C o n s i d e r  t h e  f o l l o w i n g  f i g u r e :

where  L  = OAB,  X = 2L, and  k  = (Pf/Pb)=

Area 08F = CBFG = d(e, + e2/2)

where d = (2Lka)i  - (2La)f

e1 = (2L/Ka)f

e2 = (iL/a)i - (2L/Ka)$

(1)

O n  s u b s t i t u t i o n  i n t o  e q u a t i o n  ( 1 )

CBFG = ((k-l)/kf)L (2)

Then, assuming Pf = 2Pb and Q = 1:

CBFG/L = .707

T h i s  d e r i v a t i o n  o f  CBFB/L  t r e a t s  EF a s  a  s t r a i g h t - l i n e  s e g m e n t . A l t e r n a t i v e l y ,
b y  i n t e g r a t i n g  u n d e r  R :

CBFG/L = In(k)  = ,693 (assuming  Pf =  2Pb and  a = 1 )
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W i l l i a m  D. W a t s o n  i s  a n  e c o n o m i s t  w i t h  t h e  U . S .  G e o l o g i c a l  S u r v e y ,  Reston, VA.

J o h n  A. J a k s c h  is manager and senior r e s e a r c h  a s s o c i a t e  with R o g e r s ,  G o l d e n ,

and Halpern, 1920 A s s o c i a t i o n  D r i v e ,  Reston,  VA. When this research was

comple ted ,  Jaksch  was  assoc ia ted  w i th  the  Env i ronmenta l  Pro tec t ion  Agency ,

i k e  t o  e x p r e s s  t h e i r  a p p r e c i a t i o n  t oC o r v a l l

severa  I

Herber t

i 5, Oregon. The authors would 1

peop le  who rev iewed or  ass is ted

H. Stoevener,  Department of  Agr

i n  e a r l i e r  d r a f t s  o f  t h i s  p a p e r :

i c u l t u r a l  E c o n o m i c s ,  V i r g i n i a

P o l y t e c h n i c  I n s t i t u t e ,  B l a c k s b u r g ;  H y r i c k  f r e e m a n ,  D e p a r t m e n t  o f  E c o n o m i c s ,

Bowdoin Col lege, Brunswick, Maine; Ronald Cummings and H.A. Burness,

Department of Economcis, Un ivers i ty  o f  New Mex ico ,  A lbuquerque;  and Rona ld

S u t h e r l a n d ,  L o s  Alamos S c i e n t i f i c  L a b o r a t o r y ,  N e w  M e x i c o .  T h e  v i e w s  e x p r e s s e d

i n  t h e  p a p e r  a r e  s o l e l y  t h o s e  o f  t h e  a u t h o r s .

1
A n  i d e a l  c o n t r o l  l e v e l , i n  t e r m s  o f  o p t i m i z i n g  a l l o c a t i v e  e f f i c i e n c y ,  w o u l d  b e

ach ieved  when marg ina l  cos ts  o f  con t ro l  equa l  marg ina l  bene f i t s  ob ta ined  as  a

r e s u l t  o f  t h e  c o n t r o l .

3 A i r  q u a l i t y  c a n  e n t e r  t h e  c o n s u m e r ’ s  u t i l i t y  f u n c t i o n  d i r e c t l y  o r  b e  t r e a t e d

a s  a  p r o d u c t i o n  f u n c t i o n  s h i f t e r  f o r  g o o d s  t h a t  d o  e n t e r  t h e  u t i l i t y  f u n c t i o n .

The  second  p rocedure  i s  fo l lowed in  th is  paper . ToI icy [25, pp- 4-d h a s

d e r i v e d  t h e  f i r s t  o r d e r  c o n d i t i o n s  fol. t h i s  p r o c e d u r e  a n d  s h o w n  t h a t  t h e y  a r e

ana lagous  to  the  cond i t ions  under  wh ich  f i rms  max imize  p ro f i t  when

e n v i r o n m e n t a l  q u a l i t y  a f f e c t s  p r o d u c t i o n .

4
S e e  a p p e n d i x  f o r  d e r i v a t i o n .
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.i 5 T h i s  p r o p o r t i o n a i p  w o u l d  b e  s i m i l a r  t o  t h e  d o u b l e  l o g a r1  r e l a t i o n s h

I ’

be tween cos ts  and a t t r ibu tes

6
As a  demons t ra t ion  o f  concep ts , Tolley  g5, p .

. es t imat ing  we l fa re  changes  when an  inc reas ing
I
i
I

a paral lel f a s h i o n  a s  p o l l u t i o n  c h a n g e s .  To1 1

I use of a  cons tan t  marg ina l  cos t  schedu le  fo r C

i t hm ic  fo rm

t y p i c a l l y  f o u n d  i n  h e d o n i c  s t u d i e s .

73 d e r i v e d  a n  equaLion f o r

marginal c o s t  s c h e d u l e  s h i f t s  i n

ey 25,I: p. 73. a l s o  s u g g e s t e d  t h e

a lcu la t  i ng l o s s e s  a s s o c i a t e d  w i t h

c l e a n l i n e s s  b u t  d i d  n o t  p r o v i d e  a n y  r e a s o n s  f o r  h i s  s e l e c t i o n .

7 D e t a i l s  a r e  a v a i l a b l e  from t h e  a u t h o r s  u p o n  r e q u e s t .

8
For example, i f  t h e  d e m a n d  c u r v e  i n  F i g u r e  1  ( B F )  w a s  r o t a t e d  t o  t h e  l e f t

abou t  po in t  8 ,  then  when po l

wou ld  be  less  than  they  were

l u t i o n  d o u b l e s ,  o u t l a y s  f o r  househo I

b e f o r e  t h e  r o t a t i o n .

9 With a d d i t i o n a l  s u b s t i t u t

Acw ij = -[ARij(QijtjQij

JBF) . A l t e r n a t i v e l y ,  t h e

thought of  as having been

Figure  1  (see Append ix ) .

d  c l e a n l i n e s s

on  and  man ipu la t ion , e q u a t i o n  ( 2 )  c a n  b e  w r i t t e n  a s

-4Rij4Qij/?j w h i c h  i n  F i g u r e  1  i s  t h e  a r e a  - ( C J F G  +

immedia te ly  p reced ing  express ion  fo r  ACW.. can  be
‘J

d e r i v e d  f r o m  the a p p l i c a t i o n  o f  a r e a  f o r m u l a s  t o

E q u a t i o n  ( 2 )  ,dould t h e n  f o l l o w  f r o m  a n  a l g e b r a i c

rear rangement  o f  th is  express ion .

‘0 Xij/Qij = a(PjF/Pjb)=i Qi j

Q2
a .

’i j a xij/a(Pjf/Pjb)

Q i j = (Xi j/a(Pjf/Pjb)ai  )“2

R
ij = a

‘/2x l/2
i j

AR.. = a l/2x
‘J i j

‘/2((Pjf/Pjb)=i’2-I)

~~~~~~~~ = (Pjf,Pjb)ai’2  -’
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A n  a b b r e v i a t e d  a c c o u n t  o f  o u r  e s t i m a t i n g  p r o c e d u r e s  f o l l o w s .  R e f e r e n c e  2 6
I:1

prov ides  a  more  comp le te  desc r ip t ion  o f  methods  and  may  be  ob ta ined  f rom the

a u t h o r s .

.
12 The ques t ionna i re  and  sampl ing  p rocedures  a re  d iscussed  in  Booz ,  A l len ,  and

H a m i l t o n  3  .Cl Ana lys is  o f  these  da ta  was  a lso  under taken by  Boot ,  A l len ,  and

H a m i l t o n  3  .Cl B u t  t h e i r  a n a l y s i s  w a s  i n c o m p l e t e  a n d  h a d  s e v e r a l  s t a t i s t i c a l

d e f i c i e n c i e s  2 3  .[I T h e  c u r r e n t  s t u d y  u s e s  o n l y  t h e  o r i g i n a l  d a t a  a n d  p e r f o r m s

s t a t i s t i c a l  a n a l y s e s  o n  t h e  d a t a .

l e t e  d e s c r i p t i o n  a n d  d i s c u s s i o n  o f  t h e13 Reference C l26 prov ides  a  more  camp

a n a l y t i c a l  p r o c e d u r e s  u s e d  t o  d o  t h i s .

14
S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  b y  R i d k e r CJ1g7 when he performed an a lmost

i d e n t i c a l  a n a l y s i s  o f  d a t a  g a t h e r e d  i n  1965 f r o m  a  s m a l l e r  s e t  o f  h o u s e h o l d s

i n  P h i l a d e l p h i a .

15 In  o ther  words , a s  i l l u s t r a t e d  i n  F i g u r e  1 , we assume that  households prefer

m o r e  c l e a n l i n e s s  t o  l e s s . T h e r e  i s ,  o n  t h e  o t h e r  h a n d ,  ‘ t h e  p o s s i b i l i t y  t h a t

there  a re  some househo lds  who may  take  “no  ac t ion ”  because  they  rea l l y  don ’ t

c a r e . I f  a i r  q u a l i t y  d e t e r i o r a t e s , they d o n ’ t  c l e a n  m o r e  a n d  t h e i r  u t i l i t y  i s

n o t  a f f e c t e d  e v e n  t h o u g h  t h e  a v e r a g e  l e v e l  o f  c l e a n l i n e s s  i s  l o w e r . We assume

t h a t  s u c h  h o u s e h o l d s  d o  n o t  e x i s t  a n d  t h a t ,  i n  f a c t ,  a  r e a s o n a b l e  a s s u m p t i o n

i s  t h a t h i g h e r  l e v e l s  o f  clean1

16
The ana lytical r e s u l t s  o n  c l e a n

ness a r e  preferred  t o  l e s s .

n g  b e h a v i o r  i n d i c a t e  t h a t  t h e  f r e q u e n c y  o f

t a s k  p e r f o r m a n c e  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a c r o s s  p o l l u t i o n  z o n e s .

T h e r e f o r e ,  a  c o n s t a n t  v a l u e  f o r  f r e q u e n c y ,  l i k e  a  c o n s t a n t  v a l u e  f o r  u n i t

c o s t s . c a n c e l s  o u t  o n  t h e  rioht-hand-side  nf thp pnllatinn  f n r  I



‘! S e e  T a b l e  I I I ,  f o o t n o t e  b 9 f o r  t h e  a s s u m p t i o n s  u t i l i z e d  i n  m a k i n g  t h e s e  e s t i m a t e s .

18 Est imates  fo i  each ind iv idua l  SMSA are  ava i lab le  f rom the  au thors .

19 T h i s  a s s u m e s  ai = 1.0. S u i p r i s i n g l y ,  v a l u e s  o f  ai e q u a l  t o  0 . 5 6  a n d  2 . 0  a l s o

. y ie ld  max imum net  benef i t s  a t  60 ug  m3 (ali o t h e r  e s t i m a t e s  u s e d  w i t h i n  t h e

a n a l y s i s  b e i n g  h e l d  c o n s t a n t ) .
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T a b l e  I. C l e a n i n g  and Maintenance  Tasks’

I n d o o r Outdoor

P a i n t i n g  w a l l s  a n d  c e i l i n g s P a i n t i n g  w a l l s

Wal lpaper ing Painting t r i m

Washing walls Washing windows

Washing windows

Clean ing  Venet ian  b l inds

a
The Boot ,  A l len ,  and  Hami l ton  s tudy  [3] eva lua ted  15  indoor  and  12  ou tdoor
t a s k s . F r o m  t h e s e ,  t h e  e i g h t  t a s k s  s h o w n  i n  t h i s  t a b l e  w e r e  seLected  as
those  mos t  l i ke ly  to  be  a f fec ted  by  suspended particu.lates. The select ion
c r i t e r i a  w e r e  b a s e d  u p o n  a  l i t e r a t u r e  r e v i e w , w h i c h  i n d i c a t e d  t h a t  s m o o t h
s u r f a c e s  a r e  m o r e  l i k e l y  t o  b e  n o t i c e a b l y  s o i l e d  b y  p a r t i c u l a t e s . From
t h e  o r i g i n a l  l i s t  o f  1 5  i n d o o r  t a s k s , f l o o r  c l e a n i n g  w a s  l e f t  o u t  b e c a u s e
p a r t i c u l a t e  s o i l i n g  i s  p r o b a b l y  s m a l l  c o m p a r e d  t o  o t h e r  t y p e s  o f  s o i l i n g .
Furni ture shampooing, c l e a n i n g  c u r t a i n s  a n d  d r a p e r i e s ,  a n d  r e p l a c i n g
f i l t e r s  i n  f u r n a c e s  a n d  a i r  c o n d i t i o n e r s  Jere  l e f t  o u t  b e c a u s e  n o
documented evidence could be found which showed that they were af fected by
p a r t i c u l a t e s . General  outdoor maintenance, such as that  performed on
screens, awn ings ,  and  ou tdoor  fu rn i tu re , das a lso  exc luded  because
e v i d e n c e  of particulate  s o i l i n g  i m p a c t s  rras  n o t  u n c o v e r e d . Cleaning and
wax ing  o f  ca rs  were  e l im ina ted  because  road  dus t  and  d i r t  p robab ly  account
f o r  m o s t  s o i l i n g .



Table II. Pollution , and Cleaning  and PaIntIny- Expcnd!turcs for PRiTadeiphia

Average par-
t fculstc level

P o l l u t i o n  (mlcrograms
per cubiczone
meter)

Percent of
households In Percent of households  In zone performlng  tasksa

b

zone J out of Pelntlng
1971$)

all house-
Cleanlng Palntlng

Annual  expenditure  of LIJ (mlillons  o f

w a l l s  s Wall
Cleaning

Washlng Washing venet  Ian walls 6 Wall
holds’ celllngs

Uashlng Uashlng venet Ian
paperlng  wlndous walls bl Inds Celllngs Paper  I ng walls wlndous bl lnds

A. Indoor tasks

: i:

: 112
133

17.3 76.6 36.9 97.2 42.7 34.0 28.2 23.4 9 8.6 3.2
23.0 72.0 45.4 97.9 41.3 48.2 14.0 4.4 4.0 2.212.9
10.6 19. I 67.9 43.1 97.0 45.8 62.5 10.1 Il.1 3.6 3.7 2.4

59.0 52.6 98.0 37.1 59.4 4.8- LX 2_ 1.7 1.2-

Total  Expenditure  or TElrC 56 56 19 18 9

8. Outdoor Tasks

i
li2 2:

4 133

47.3
23.0 lg. 1

10.6

Palntlng
wai ls

38.6
28.5 11.4

IO.4

Palntlng Washlng Palnt  Ing Paint  Inq Vashlnq
trlm WI ndows walls trim wlndows--

66.5 89.5 20.2 24.8
68.9 54.5 86.3 89.5 7.2 2.4 12.4 8.2 ::i

55.0 89.3 1.2 4.6- - z

Total Expcndlture or TEl:’ 31 so 18

a Source is gooz, Alien, C Hamliton  [51

bL
IJ - (PI4

J l PHrlJ/fPHJ l  PHTI☺)  l  TEl

where PM
J

1s percent of households In zone J out of ail households

PHflJ  Is percent of households In zone J pcrformlng  task I

TEl is total expenditure for task I

Circe 1s Boor, Alien, and Hamlition 01 for 5 of the tasks.
assumed to equal inslde palntlng costs,

Costs for the remalnlng  3 were derived as follows:  wall papcrlng  costs are
venetlan  blind  cleaning costs  are assumed  to equal  one-half  of wlndow cleaning  costs and costs  of cieanlng

wlndars outside are assumed to equal costs of cleaning wlndous Inside.



Table  111. Welfare  Gain Obtained by Reducing Particulate  Pollution

Total Gain

(mi l l ions o f  1971$)' Gain per household (1971s)
Primary Secondary Primary Secondary

. Standard Standard Standard Standard

A. P h i l a d e l p h i a

“i = .56 $ 23.1 $ 43.9

a ‘. = 1.0 41.4I 79.2

a. = 2.0 84.9 165.2
I

6. 123 SMSA's including

Philadelphiab

$16 s 30

28 53

57 112

=i = .56 $ 858 $1466 $23 $ 39

a =i 1.0 1547 2656 41 70

a. = 2.0I 3227 5656 85 149

a F o r  t h e  p r i m a r y  s t a n d a r d , w e l f a r e  g a i n s  a r e  o b t a i n e d  b y  r e d u c i n g  1970 m e a s u r e d
p a r t i c u l  t a t e l e v e l s  t o  75 ug/m3. S i m i l a r l y , f o r  t h e  s e c o n d a r y  s t a n d a r d ,  w e l f a r e
g a i n s  a r e  o b t a i n e d  b y  r e d u c i n g  p a r t i c u l a t e  from  m e a s u r e d  l e v e l s  t o  6 0  ug/m3. The

w e l f a r e  g a i n  i n  g o i n g  f r o m  t h e  p r i m a r y  t o  the s e c o n d a r y  s t a n d a r d  i s  t h e  d i f f e r e n c e
between the pr imary and secondary gains.

b
E s t i m a t e s  for o t h e r  SMSA's a r e  m a d e  by assuming:

( 1 )  Total e x p e n d i t u r e s  f o r  e a c h  t a s k  in other S M S A ’ s  e q u a l  e x p e n d i t u r e s  per
h o u s e h o l d  f o r  e a c h  t a s k  i n  t h e  P h i l a d e l p h i a  r e g i o n  times the number of households  in
t h e  o t h e r SMSA's. The numbers of  households in each SMSA are taken f rom reference

II
21 .

( 2 )  T h e  f r a c t i o n a l  d i s t r i b u t i o n  o f  t o t a l  e x p e n d i t u r e  across  p o l l u t i o n  z o n e s
( i . e . , Lij/l’Ei)  i s  t h e  s a m e  as t h a t  i n d i c a t e d  in T a b l e  I I  f o r  P h i l a d e l p h i a .

( 3 )  The  d i s t r i b u t i o n  o f  p a r t i c u l a t e  i n  a n y  o t h e r  S M S A  r e l a t i v e  t o  i t s  m e a n

p a r t i c u l a t e I evel i s the same as in the P h i l a d e l p h i a r e g i o n : AP. =
Jk

(AP j’Phi la .
/HEANph  i la. )flEANk  where AP jk i s  the a v e r a g e  p a r t i c u l a t e  r e a d i n g  i n  the

j t h  z o n e  a n d  k t h  SHSA,  a n d  HEANk i s  t h e  a n n u a l  geometric  m e a n  f o r  s u s p e n d e d

particulates i n  t h e  k t h  S/ISA. S o u r c e  o f  HEANk  i s  t h e  U . S .  E n v i r o n m e n t a l  P r o t e c t i o n
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T a b l e  I V .  Benefits a n d  C o s t s  a t  t h e Nat ional  Level  from
Controll ing Total Suspended Particulates

B e n e f i t s  ( m i l l i o n s  o f  1971$) Annua I Annua I Annua I
Control Net Net Benefits

Less cost Benefits Excluding Soiling
Standarda Less Mater ia l

( q/m3 1
( m i l l i o n s ( m i l l i o n s

Soilingb
(mi I I ions

Heal the Damaged Tota I o f  1971Sle o f  1971$) o f  1971$)

100 613 540 36 1189 1515 -326 -939
:; 2656 1547 2700 I890 127 182 5538 3564 2551 3429 2109 1013 -547 -534

55 3167 2700 200 6067 4754 1313 -1854

a Uni form standard appl icable  to  a l l  reg ions.

b
Source is this study.

’ Assumptions are as follows: average annual concentration of 110 “g/m3 with control at levels
p r e v a i l i n g  i n  t h e  1965-70  p e r i o d  ( i . e . , before EPA came into existence);
benef i ts  increase l inear ly  between zero  and $2 .7  b i l l ion  p3]

no benef i t  a t  110  ug/m3;
as  the  concentrat ion decl ines  unt i l  a

standard of 60 ug/m’ is reached.

d
The assumptions are the same as for the
the particulate concentration reaches 55

e hnudl control expenditures are costs of
These  r$tinrdce\  i n c l u d e  c o s t s  f o r  electr
~uc~rnrrcrdl  fuel> cu~bu:,tion (see [io_j ).

e a l t
9ug/m .

reduc i
c util

benef i ts , except the maximum benefit is reached when
Source of  the  $200 mi l l ion  est imate  is  23  .

LJ

ng particulate concentrations below 110 ug/m3.
ities, industrial  sources, and residential  and



FIGURE CAPTIONS

.

Figure  1. Case 1: Producer’s l o s s  is zero since OFG  equals OBC;  therefore,
consumer’s  loss equals CBFG (or equivalently  OBF). Initial cleaning  outlays,
OAB, equal final cleaning  outlays OEF.

Figure  2. Welfare loss function for household soiling  from suspended
particulates in Philadelphia.
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Table  IV . Benefits and Costs at the National Level from
Controll ing Total Suspended Particulate5

B e n e f i t s  ( m i l l i o n s  o f  lg71$) Annua 1 Annua I Annua 1
Control Net Net Benef

Less cost Eenef its Excluding
Standarda Less Mater ia l

1 ug/m3 1
( m i l l i o n s ( m i l l i o n s ( m i l l i o n s

Soil ingb Heal the Damaged Total o f  1971S)e o f  1971s) o f  1971s)

i t s
Soi l ing

100 613 540 36 1189 1515 -326 -939
ii; 2656 1547 2700 1890 127 182 5538 3564 2551 3429 2109 1013 -547 -534

55 3167 2700 200 6067 4754 1313 -1854

a Uni form standard appl icable  to  a l l  reg ions.

b
Source is this study.

’ Assumptions are as follows: average annual  concentra t ion  of  110  ug/m3  wi th  contro l  a t  leve ls
prevai l ing in  the  T965-?O  per iod ( i .e . ,  before  EPA came into  ex is tence) ;
benef i ts  increase  ljnearly between zero  and $2 .7  b i l l ion  p3]

n o  b e n e f i t  a t  110 ug/m3;
as  the  concentrat ion decl ines  unt i l  a

standard of 60 ug/m is reached.

d The assumptions are the same as for the heal t
the particulate concentration reaches 55 ug/m ‘1

benef i ts , except the maximum benefit is reac ed when
. S o u r c e  o f  t h e  $ 2 0 0  m i l l i o n  e s t i m a t e  i s  23 .

IJ

e Annual control expenditures are costs of reducing  particulate concentrations below 110 ug/m3.
Tha,se e s t i m a t e s  i n c l u d e  c o s t s  f o r  e l e c t r i c  u t i l i t i e s ,  i n d u s t r i a l  s o u r c e s ,  a n d  r e s i d e n t i a l  a n d
comnercial fue ls  combust ion (see  [2g ) .
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a Assumes u=l and a background level for suspended particutes of 35 micrograms
per cubic meter. Total welfare losses can be estimated by multiplying unit losses by
the number of housing units in Philadelphia (for example, 1,480,200 in 1970).
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